This paper presents a new improved Direct Torque Control of doubly fed induction motor using PI controller tuned using genetic algorithm. The classical DTC control of DFIM is well known and is widely used due to its simplicity and easy implementation. However, the performances of conventional DTC are often characterized by high torque and flux ripples as well as variable switching frequency. To overcome the previous drawbacks of the classical DTC control, a new combined DTC-GA method using PI controller optimized by genetic algorithm is presented. The GA selects PI parameters that optimize the performances of conventional DTC. The PI parameters are optimized in offline mode where several values have been tested; then the best PI gains are used in online mode. The proposed DTC-GA method applied to DFIM has been validated using Matlab/Simulink environment. Many improvements related to torque and flux ripples overshoot and response time have been demonstrated. Which torque and flux ripple have been reduced more than 64.44% and 50 % respectively. The speed overshoot and torque overshoot have been reduced about 90% and 86% respectively. In addition, more details are presented and discussed in this paper. 
Introduction
Today, a great percentage of the total electrical energy is converted into mechanical energy through the electric motors [1] [2] [3] [4] . Among several types of electric motors, three-phase asynchronous motors are usually used due to their good performances, reliability, robustness, low cost and easy maintenance. The doubly fed induction machine (DFIM) is one of the most popular in industry, which it can provides a very attractive solution especially for variable-speed applications such as wind turbine systems, electric vehicles and marine propulsion [5] [6] [7] . Using doubly fed induction machine (DFIM), many benefits can be obtained; the most of them are [5] [6] [7] [8] [9] : DFIM can be fed and controlled stator or rotor by various possible combinations; DFIM can be operate in wide range of speed variation around the synchronous speed (until ± 30%), so, it can generate maximum power with varying rotational speed in a wind turbine systems;
The possibility of decoupled control of active and reactive power; The stator and rotor currents are measurable; The independent control of flux, torque, and power factor.
Over the last few decades, many DFIM control techniques have been developed and implemented in both applications as generators or motors. The most widely used techniques may be classified within the Field Oriented Control (FOC) techniques and the Direct Control techniques [9] [10] [11] [12] . The field oriented control was one of the best control techniques. However, it highly dependent on the parameters of the induction machine and constant gains PI controllers may become unable to provide the required control performance. Hence PI controller limitations and its complexity of implementation are the most drawbacks [8] [9] [10] [11] [12] [13] [25] [26] [27] .
Although the variety of DFIM control techniques, the Direct Control technique is widely used due its benefits. However it is well known that this method suffers from many problems which the most are:
The high flux and torque ripple, the variable switching frequency, poor flux regulation at low speed. Therefore, this work proposes a new improved Direct Torque Control of doubly fed induction motor using PI controller tuned using genetic algorithm, the superiority of the proposed method is proved.
In this paper, new combined DTC-GA method applied to doubly fed induction motor has been proposed and studied. Modeling of DFIM and details of proposed control strategy have been presented. The performances in terms of torque tracking, torque and flux ripples, and accuracy have been demonstrated and compared.
The rest of this paper is organized as follows: Section 2 presents the doubly fed induction machine model, while the Section 3 describes the direct torque control of the DFIM. The proposed DTC-GA-DFIM is detailed in Section 4. The simulation results and discussion are presented in Section 5. Finally, Section 6 concludes the paper giving some comments and future directions.
Doubly fed induction machine model
The mathematical model for the doubly fed induction machine is written as a set of equations of state following:
The electromagnetic torque is given by:
Direct torque control OF DFIM
A direct torque and flux control for a double feed Induction machine have become one of the high performance control strategies for AC machine to provide a very fast torque and flux control. The performances of DTC strongly depend on the quality of the estimated actual stator flux and torque. The simulation results 
Table 1
Control strategy with hysteresis comparator.
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